Converted-wave (C-wave) splitting in media with horizontal transverse isotropy (HTI) may degrade the imaging quality of C-wave data, and shear-wave splitting analysis and compensation (SSAC) is a key step in the data processing workflows. The overburden shear-wave splitting effects of HTI layers should be removed for the analysis and compensation of the target layer in the situation of multiple HTI layers. The layer-stripping method is one of the best means for SSAC. Here, we establish a workflow and implemented SSAC for C-wave analysis and processing based on the layer stripping method using a numerical modeling dataset. There are seven layers in the model including three HTI layers. The modeling dataset is obtained with full wavefield information using the reflectivity method. The workflow of analysis for azimuthal anisotropy correction includes: ① Computing the fast (S 1 ) and slow (S 2 ) shear-wave component using a windowed layer stripping shear-wave splitting method based on the radial (R-component) and transverse (T-component) data; ② Picking the fast polarization direction angleθ, and the time delay of S 1 and S 2 using a scanning spectrum; ③ Correcting the R-and T-component seismic sections using the compensated fast polarization direction angle θ and the time delay between S 1 and S 2 .
Introduction
Multicomponent seismic exploration is a potential method for lithology and fractured reservoirs exploration. If the anisotropy is transverse isotropy with a horizontal symmetry axis (HTI), representative of vertical fractures, it will cause the propagating shear waves to be polarized into a fast shear wave (S 1 ) parallel to the fracture direction, and a slow shear wave (S 2 ) perpendicular to the fracture strike (Keith and Crampin, 1977) . It has been seen that shear-wave splitting is the most diagnostic effect of wave propagation in an anisotropic medium, and fractured reservoir information can be obtained by the observation of shear-wave attributes (Lynn and Thomsen, 1990; Gaiser, 1999) .
Fracture strike and the probable direction of fluid flow within a reservoir can be inferred from the polarization direction of the fast split shear wave. The delay time between the two shear waves can give information about fracture and crack density, while differential reflectivity can help in identifying more intensely fractured zones in the seismic section, and is thus a very useful indictor for fracture delineation. The angle θ of fast component direction represents the polarization direction of S 1 , and the delay ∆τ delay is the time difference between the S 1 and S 2 . Li (1998) proposed a common way to detect θ from wide azimuth C-wave data, that is to search for the azimuthal directions at which T-component has amplitude null. These nulls give the main directions parallel to the fracture strike. For the data with narrow azimuth coverage, Bale et al. (2005) develop a least-mean-square error approach, similar to that of Chevrot (2000) , to extract the angle θ from the T-component. If there are multiple HTI layers in subsurface, these methods require layer stripping to analyze and compensate for the shear-wave splitting effects for the deeper layers. After the Alford rotation method, poststack layer-stripping approach is applied to synthetic prestack C-wave data by Gumble and Gaiser (2006) .
Here, we established a shear-wave splitting analysis and compensation workflow by scanning the cross-correlation spectrum based on a layer-stripping technique. The aim is to improve the Rcomponent data set after compensating for the splitting effects. The processing workflow is formulated and demonstrated on a synthetic data generated by reflectivity modeling. The model consists of four isotropic layers along with three HTI layers that have different principal directions.
Methodology
As shown in Figure 1 , for a HTI medium, the radial component angle is α, and the fracture azimuth angle is β, the shear-wave will split into the fast and slow components. It is assumed that the energy is identical before and after splitting. The fast shear-wave (S 1 ) is polarized parallel to the fracture direction, and the slow shear-wave (S 2 ) is polarized perpendicular to the fracture direction.
The splitting forward-modeling operator is described in the frequency domain ω as (Silver and Chan, 1991) 1 2 cos sin , sin cos
Equation 1 When there are a series of HTI layers with different azimuth angles, layer stripping is necessary. Here, we developed a layer stripping shear-wave splitting analysis method. The processing workflow includes several steps:
① Starting from the first HTI layer, calculating the fracture azimuth angle θ using the angle scanning spectrum;
② Rotating the R-and T-component seismic trace using the angle θ to S 1 and S 2 1 2 cos sin ( ) sin cos
③ For S 1 and S 2 gathers, in the first analysis window calculating the correlation function spectrum and to find the shear-wave time delay ∆τ delay ; ④ Time delay calibrating: shifting the S 2 using the time delay ∆τ delay ; ⑤ Saving the S 1 and S 2 gathers for the first analysis window; ⑥ For the second HTI layer: transforming the S 1 and S 2 back to the original azimuth angle T gathers, analyzing and computing the shear-wave splitting, repeat the steps ①~⑥ if they need to calibrate the time delay; ⑧ Merging the S 1 and S 2 gather in the first and second analysis windows respectively, using a smoothing and weighting method; ⑨ For the third layer, the processing is the same as the second layer and so on, until the last layer.
Synthetic example
In this part, we use a full-wave synthetic model to illustrate the above method. The numerical model consists of seven layers, with three HTI layers, 2, 4, and 6 (Table 1) . The model structure and the acquisition geometry are shown in Figure 2 .
Using the reflectivity modeling method, we obtained the post stacked seismic traces around a circle from 0 to 360 degrees with a 10-degree interval. The reference Zero degrees is along the North direction (as shown in Figure 2b ). The R-component and T-component are shown in Figure 3 seen clearly, and the behavior of amplitude nulls and polarity reversal in the T-component indicates the principal directions for the HTI layers. If all the HTI layers have the same principal direction, the Tcomponent would have well-defined amplitude nulls at the principal angle for all the reflection events. In this model, the HTI layers (Table 1 and Figure 3 ) have different principal directions, and a complicated seismic response is shown at the deeper reflection events. Therefore, a layer-stripping method for SSAC is needed to isolate the deeper shear-wave splitting effects. That means the polarization angle, θ, and the amount of time delay, ∆t delay , must be estimated for the shallow HTI layers, and their effects are compensated for. Then the deeper shear-wave splitting effects can then be estimated layer by layer.
Using the workflow of SSAC processing, the shear-wave splitting effects of the three HTI layers can be compensated for. Figures 4 and 6 show the shallow-layers of scanning spectrums, the polarization angle, θ, and time delay, ∆t delay , are clearly found from the maxima indicated by the white dots.
As shown in Figures 5 and 7 respectively, the shear-wave splitting effects are removed for the shallower layers 2 and 4 (the 1 st and 2 nd HTI layer). The compensated R-and Tcomponent are shown in Figure 8 . Compared with Figure 3 , the shallower reflection amplitude energy in T-component is minimized and the traveltime variations in the R component are also corrected for. Also, the effects of the 3 rd HTI layer (layer 6) can be clearly seen in the T-component with polarity reversal and amplitude null which are not observable in the original records (Figure 3b ). and T-component (b) after the effects of all the three HTI layers are compensated for using SSAC.
